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slJb9uRY

Repres&tattve samples of 17S-T and 24S-T alumlnum alloys
were sub~ected to accelerated oorroaion tests in which the oorro-
sion period was estublishod at 6 hours for semples that had been
etched to produoe a uniform surface. The results show the types
of oofioslon attack, which are described In standard terminolo~,
and mxr form a %asls for eethting the resistance of tho material
tc
of

co=esion by a comparison of th; relative de@h and i?.’equency
the corrosive attacka.

IN’IT?ODUCTICEV

The resistance to corrosion and type of corrosion attack for
mme alwnlnwu al15Jf3,f3SIJecldl~ 17S-T md ?4S-T U.teri2h, are
checked ordinarily by ccnductl~ ~ccelerated cfn?rosiontests on
reppcisentatlvesamples. The mathods cf Lesiing and the terminolo~
employed In rep:rt:ng th~ rmulLe of such fasts have not hc?reto-
fore been entfrel; consistent uecaime (1) the same c~ri+()~lonporlod
was net alWU;S MEplC-TGd, (7) SLTfEiM CCI’Idit”hM3Of tb OSZU@GS
varied, and (3) the nomenclature fcr descrlbl% corrGslve attack
was net s~andardlzed. !l’ila ln”ccedurethat is rec-ndd in the
present paper takoa into account these factors. The co~oaion
perlcd has been established at 6 hours for samples which have m-
celved a treatment to produoe a uniform sur~ace. Results obtained
with this procedure and repcrted in accordance with the standard
terminology shculd be campxrable.

Acknowled&nt Is due G. W. Wilcox for his skillful photo-
m~.orographicwork in connection with the development of this
procedure.
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!rlHTINGPRCJCEDURE

Samples selected for testing should be etched to prcduce a
wniform surfice condition, ‘hmorsod In the standaM scdlum chloride-
I@rogon peroxide solution :or 6 houm and subsequently examined
ticrascoploally. Details of the varicus steps in the procedure
are as follows:

Methd cf S13U@h.Q. - For sheet material, samples about 1 by

5 inches are sultaLls; for rolled and extruded sections, pieces
several inches long shoiLd be cut. Tha ends of the rolled and ex-
tr~ldedapeclmens should be mated with a m~xture af beeswax and
rosin (approximately50-50) in Oi’der to avoid possible protection
of the surface by the more mwdic centrcl portion of the specimen
that is exposed at tho ends,

Surface treatment. - Prior to the ccrroelcn test, each speci-

men should be Wmersed ~cr 1 min~te In an etching scluticn at ap-
proximately 95° Co The solwtlcn Is made b: adding to dlstllled
writer50 milliliters of concentrated nltrlc ac~d (70 percent) and
5 milliliters e’.fiyd~cfluc~c ac’.d(48 percent) per liter cf solu-
tLen. A.%er :kls traatnant, the spoctien shmld he rinsed In dis-
tilled water, ‘zmmrscd fm 1 minute in concentrated nitric acid
(70 perrxmt) at ro.xntemporatum to rameve any metallic copper
that -v have plated cnt on the spoclmen, rinsed in distilled water,
and allewed to dry.

The Zdrofl.ucric acid In the etching solution is gradually used
up b:fthe spechen and by most containers;Horeeite-coated al.umlnum
beakers should theret’orebe used to p~event i’eautlontictwoenthe
lqrdroflncricacid and the container. If p~z-exbeakers are used,
the act?.cnof the h@rofluorlc acid cc the beaker can %e mlnimlzed
by mrefull.y addi~ the acid after the water is up to the desired
temperature. When the solrtlcn does not contain eno@ hydro-
fluoric acid, it will produce a matte surface. It Is advisable,
therefore, al~s to use a .~esh sol~lcn. .4spent solut~m,
however, can he re$wenated by the addltlon of about 1 m~lliter
of hydrofluortc acid por liter.

If the samples contain an anodio or a chemical ccating, such
a ooatlng must be removed befc~e the eurfaoe treatment is used.
The removal of this coati~ can be accomplished by abraflin~the
surface w[tb No. 12n Aloxite cloth Oi-by immer~lng the sample In
aqueous solution containing 2 percent chrcznlcacid and 5 porcont
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phosphoric sold. This mlutlon iE used at a temperatwo of S5° C.
The period of Imershn requhed depends on the thiclmess of the
coathg but should not he unneoeaearily prolan@l.

.-

Co?moslve medIums. - The solutlcm that 18 used for the oom’o-
slon test la made Q by add@j to distilled water 57 grams of U.S.P.
grade csodium d.loride and 10 mlllil.itersof 30 peroent hydrcypm
pe-tde (the -es of ~n perqclda that have been found
satisfactory are Merckla Supe~Vl @ -r’s op. grade) Per
liter of aolutian. If only Qpe of attaok is dealred, 100 nKUlli-
ters cf 3 percent hyd~a peroxide (t& 3 percent ~n per-
oxide usually contains stabillzme ~ smuQ of whloh m known to
aooelerate mrrosion to varlpua depss ) per liter aan be sub-
stItuted for the 30 peroenk ~ pemide.

Methcd Of expsurs. v The spedmznas should be totaUy im-
mersed in a freehlJ prep&# ccumoslve aolutton. If quantZtatlve
results for depth of attaok are desired, a standard qulxntltyof
solution should be used per unit area of surfaoe. Thirty millili-
ters of solution per square Inoh is tilequantit~ rec-nded.
ordinarily, when only type of attack is required, the Mdnuun
amount of solution shoul~ * 250 millUiters.

1- msre than one specimen 1s erposed in the seinecmntalner,
the spoolmene shculd be el.ectrloall.yInsulated frcaueaoh other,
prei’erablysuspenled ma @ass rfis wltk porcelaln separators or
suspended .%om glass hooks.

The typo O* attack 1s substEcntIall;rindependent of the tem-
perature of G,e sol’.~tfcnbut the extent of corrosion Is not. More
oonsletent results with regmxl to depth of attack will be obtained
If the corrosion %es%s are conducted at a ocnets@ temperature;
for exam@e, at 30° C. It 1s permlssitil.e,however, tc conduct
tests at rocentemperature provjded that a reoord Is kept of tem-
peratures at wh+.ohthe tests are made.

Exposure time. - A period of 24 hours had previously been
emplored but tests have shown that, beoause O: the consumption
of the hydro~n peroxide, the oorroslon rate decreases rather
rapidly after the first 6 to 8 hours of exposure. A period of
1 hour consezwes time.and is suff’loientif only the type of attack .
Is to be dotermfned but, if both the type and the e@ent of Oor-
roslon we.tc. be obtal@, a 6.hour penld Is reccamumded.

. . . .. ----- -
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In the onse of thtn samples (0.020In. or less) from slowly
qnenolmd nxiterlal, a 6-hour exposure might be too drastic. In
suoh omes, a l-hol~.rexposure iQ advi=ble.

Mloroscoplo examination. - Representative oroos sectlom out

from =corroded sampl=~hould he prepared for microscopic exam-
ination in accordance wIVJ reccmnendd practices (references 1, 2,
and 3). These examinations sho~flflhe made at magnifications of
lco to 50(3 d~~~t~rBo In tlm oaso of sheet, rod, and tub~, at
leust three sections should be examined. Fo:srollod or extrudsd
sectloas o:’ccmrpltcatedshapes, at least one section should be
oxsnlrti frc-meach thlchnoss of material represented h tke ~hape.

In general, after an tiltlal examlnationy It Is advisable to
etch tho specimens to develop the microstructure In order that the
relation of corroetve attack to mlcrostructural.characterlstios
1s esta>liehod. ‘Theetc-hmrtthat Is reccmimendedfor d.uralumln-
t.ypealleys contains 1.C mllllltter concentrated hydrofluoric
acid, 1.5 mlllilltG??sccncentratod hy!lrcchlorlcacid, 2.5 milli-
l~tei-s concentrated nitric acid, and !?5.0milliliters of dis-
tflled kmter. T.% etolti~ Is accomplished by lmmors~ the
S~ChGn, pollskod SUYtLiCO w , fcr a porid oi’ 10 to 2(3 seconds

in a fre&hLy Fropa.redsoluti& at :?oa
men is tbon washed ?roe of the aclflIn
hot) ruml~ water and blown drx.

temperature. The spoci-
a stream of warm (not

‘ImMIm’zo(x

The temln~lo~ for expvoss~ the various t,ypes~ofcorrosive
attack.ls glvon In table 1, This table also refers to the photo-
miom~pi,s t.1’atwere takGn to Illustrate the dtfferont t~os of
a~tack I.hatmight be oncmntored In st~i~ corroded wrou@t
a~l~~~~ alloys.

‘Thetezndnolo~ selected Is an outgrowth of much work on
material su5@c~ed to bath accelerated tests and natural onviron-
merts ard should su””ficeto descrite most of the types of attack
CmiharllJr enco,u%erod ‘Law.rou&ltalminum alloys.

TWO t,ypG8of corgostve att.&ckt~t ~~ e~t~~ ob~o~~d ~
for~ml or ax%uded ma:orial.sam Included In this termhol~ -
namoiyj inte~~.endrtk~ca-d intorfm~ntary. Int9rdendritic at-
tack la enco.iiterodLl w~ou@t material In which the ori@nal
dmulrltlo strncturo l’mi!net been thoroughly broken up by the
wcrki~ opemticns. Ihler these circumstances, the corrosive
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attack
attack

Jlay follow the
is encwntered

arms of the dendrites. ~terfra@entary
h wroqt material In tihlchthe fmfpnenta-

t Ion ~ofthe sralns produced bj the working operations had =t
., been elimlna~ed by &mryd@ll-~tion dm~ ~ubsequeqt thermal

‘treatments. =.

. . . . . .

mscms~q OF m@LTs “

These methodo have beqn tiv~lcqml In order to obtain an ap-
PI-to idea of the rosiatancp.& _sibn of @iff’orentsamples
without resortfq to tho ~%ckl terdtl.ngof c*Oa ~qles .
1??the methods described P%Q Qhewl# ?Qllowed, the G~tiVe
res?.stantieto oc~oslon of illffe~~ lots of m@erlal may be
estimated Uy ccmpari~ the z@M%m _ and tm frequency of the
oorrosive attack. The fact that 6czb 6amples may show areas of
sl~@t lnter~anular attack doee not Waa necessarily that the

-resistance to oorrod.on wIU he advemoly affected.

The recommended procedure for determining the type of cor-
rosion atl’%ackh duIxilmnln-@e alloys vAII G; ve only a rough
mess-ureof the redrjtance of tke ~%artal to oorroslcn. mls
procedure is net Intend@ @ ~% the aooelerated alternate-
lnmmwlon teac (referenoe4) and the Wandard salt-spray test
(refccrenoe5). A reliable evaluation of the resistance of
dnralumln-typo al:O;-sto corrosion requires the meohanloal test-
- of cmroded samples and the determination of chcuqps In
mechanical.pr ‘perties In umrparlson wlt~ uncorroded samples of
tinesam matorlal.

Aluminun Research Lalmratorlos,
Aluminum Company of .@orlca,

Mew Kensington, Pa.
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me of attaak

I

Pitting

Unlifmmidng
pitting

Pitting with
slight titer-
grsnular

Separateareas
of pitting
and definite

I intergranular
with predomi-
nating type
namedfirst

Definite inter.
granular

Exfoliation

I

I

symbol

P

UP

P+SI

P+l)
I+P)

I

Ed.

H.gure
Jhouing
typicel
Maok

1,2

3

4

5,6,
7,a

9

Remarks .

!Eheattaok progresses irrespective of grains and grain bo’ondaries.

~ attack spreads out to a marked ertent beneath the surfaoe of
the metal. On oertaln oross sections, therefore,theohanndl
leadlng from tbO surface to the body of the plt mi~t not bO vie-
ible. Thle type of attaok is frequently associated withsimple
pitting.

SpecimaG with this type of attaok show only very SM1OW inter-
grenularattack, umally in the form of short stringers. There
should be no well-developed intergranular netwoxk

Althou@ many specimens exhibiting these types of attaok have
been studied, separate areas of distinct pitting end lnter-
granular attaok are seldom sufficiently olose to eaoh other. to
be shown in one photomicrogrsph.

Occasional areas of definite pitting attaok are disregarded If
the intergrenular attaok is by far the p e&mlnant me.

This type of attaok refers to the condition in whloh there has
developed definite soeling or lifting of surfaoe lqyers of
metal. Exfoliationoan result from dlfferauttypes of attaok-
intergrenular,underminingpitting, or attaok along mrtaln
planes, especiallyIn cold-workedmaterial. The oorroshn’
products have a greater volume then the metal from whioh they
=e fOrmed.ma therefore lift the overlying l-.
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1

Interdendritlc

Inte3Y’r~en-
tary

symbol

ID

IY

Mgure
showing
typical
Btt13dC

10

11

IAILEI (Continued)

Rallarke

We type results from attack that progresses wmdthe
dendrite erms. Certain portions of large forged or ex-
truded. sections still tiblt a definite ibdritio
stmoture, end ue sometimes euscqptible to interdm-
drltic attack (fig. 10). In other cases, su& zones
mi@ be susceptible to only an Intergranular (I) type
of ILttaok (fig. g).

Interfr~entary attaok refers to the type of attaokob-
tdned *m corrosion extends along fr~ent bouderies ~
in unrecrystallized areas usuallyfoundinmrtainm- .
gione of large forges or extruded sections.

j
~“

Xote.- Asterisksare to be employedwith symbolsto indhate any unusual wee of-.
attack that requires a more detailed description in a footnote.

I
I
#

m

I
I
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liAOA Figs. la,lb,2

_ Figure la, b.- Pit-

Figure 2.- pitting
type of edge at-
tack in 24S-T alu-
miuum-alloy tubing,
speoimen 45974.
Magnification,100
diameters.
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NACA Figs. 3,4a,4b

(a) Magnification,
100 diameters.

(b) Mg~i~;gj;g;; .

Figure 4a, b.- Pit-
ting with slight
intergrmular at-
tack in 24s-T alu-
minum-alloy sheet,
specimen 43872-5.

Figure 3.- Under-
mining pitting
attack in 24S-T
alumi~um-ailoy
tubingy specimen
45974. Magnifica-
tion,100 diameters.
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HACA Figs. 5a,5b,6

g=anular attack in

‘“* 245-T aluminum-alloy
sheet, specimen
43879-5.-

Figure 6.- lnter-
granular attack,

which may in cer-
tain environments
oause exfoliation,
in 24S-T aluminum-
&loy tubing, spec.
imen 45973. Magni- ‘._:-”=-”’.
fication, 100 :,=..~,:: t‘,.,
diameters. ..-,- -/. .. .. ...,= .

.......- .---- .-,~--.

lc\.._ . . . ,, - ,. .-- .-, ,. ..,, ------ . .,, . . . . .. ----—.
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Figure 8.- Inter-
granular attack in a
zone still exhibiting
a dendritic structure
in extruded 24S-T alu-
minum alloy, specimen
36990-4. Magnification
100 diameters.

Figs . 7,8,9

Figure 7.- Inter-
granular type of

edge attack in
24S-T aluminum-
alloy tubing, spec-
imen 45973. Magni-
fication, 100
diameters.

Figure 9.- Exfoliation attack in extruded 24S-T aluminum
alloy, specimen 32027. Magnification, 10

diametera.

....——



ltACA Figs . 10,11

Figure 10. - Interdendritic attack in extruded
24S-T aluminum alloy, specimen

36989-1. Magnification,100 diameters.

Figure 11.- Interfragmentary attack in extruded
24S-T aluminum alloy, specimen

26076. Magnification, 100 diameters.
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